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PERFORMANCE OF BASIC XJ79-GE-1 TURBOJET ENGINE AND TTS COMPONENTS

By Carl E, Campbell

SUMMARY

An investigation to determine the performance of the XJ79-GE-1 tur-
bojet engine and 'its components, while operating as integral parts of the
engine, was conducted in an altitude test chanber at the NACA Iewis lab-
oratory. Data were obtalined over a range of Reynolds number indices
from 0,80 to 0.08 and for various settings of the varisble compressor
stators and varisble-area exhaust nozzle from fully open to fully closed
positions. .

Compressor performance and turbine performance are presented in the
form of performance maps at selected values of Reynolds number index;
the effects of Reynolds number on performance are summarized. The ef-~
fects of variable stator angle and high inlet-alr temperatures on com-
pressor performance are also shown. Combustor performance is given in
generalized form as a function of the usual combustor parameters. Ex-
haust system data are presented to permit the calculation of over-all
engine performence from pumplng characteristics. Maps of engine pumping
characteristics are presented at selected values of Reynolds number.
index, and the general effect of Reynolds number on the pumping charac-~
teristics is summarized. Over-all enginé%performance (net thrust and
specific fuel consumytion) is presented for a £light Mach number of 0.9
at rated engine conditions over a range of altitudes to illustrate per-
formance losses resulting from decreased Reynolds number index. All
component and englne performance data are presented in tabular as well
as graphical form.

INTRODUCTION

An investigation to determine the performance of the XJ79-GE-1 tur-
bojet engine and 1ts components while operating as integral parts of the
engine was conducted over a range of Reynolds number indices in an alti-
tude test chamber at the NACA Iewis lgboratory. Thls engine incorporates
varisble inlet-guide vanes and varisble stator vanes in the first six
compressor stages as 8 means of svoiding part-speed surge. The engine
els0 has an afterburner and iris-type varisble primary and secondsry
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exhaust nozzles; however, during the investigation reported herein, the
afterburner was inoperative and the secondary nozzle was removed. The
veriable-stator system and the variable exhaust nozzle are normally
scheduled automatically by a conbination electronic and hydraulic con-
trol, but they were manually positioned during this investigation.

The performence data were obtalned over a range of Reynolds number
indices from 0.60 to 0.08 with the varisble stators in the open position
and over a range of stator positions from 0° to 35° at a Reynolds number
index of 0.20. At each Reynolds number index and .stator position, data
were obtained over a range of engine speeds at five exhaust-nozzle areas,
Dete were obtained at engine inlet temperatures up to 700° R, but the
bul% of the data was dbtained at an inlet temperature of approximately
416" R,

Component performance data are presented over a range of Reynolds
number indlces and variable stator positions. Generalized engine data
are presented in a form thet permits computation of englne performance.
at operating conditions other than those specifically investigated, and
the method of such computation is illustrated. All component and engine
performance data obtalned during this investigation are presented in
tabular as well as graphical form. . -

APPARATUS
Engine

The XJ79-GE-1 turbojet englne has a length of 207 inches end a
maximm diameter of 32.6 lnches at the turbine section. The frontal
area based on the compressor tip diameter is 4.89 square feet. The dry
welght of the engine and 1ts accessories is_sbout 3150 pounds., The
menufacturer's static sea-level military performance rating (nonafter-
burning) is 9600 pounds of thrust with a specific fuel consumption of

0.87 pound per hour per pound of thrust at an engine speed of 7460 rpm
and a turbine-outlet temperature of 1070° F,

The XJ79-GE-1 turbojet engine has several minor airflow bleeds that
are used for cabin pressurization, anti-icing, turbine cooling, and
bearing-seal pressurization. These bleed flows are extracted from the
main engine airflow at the seventh and ninth compressor stages and at
the seventeenth compressor-stage seal. The amount of bleed flows dumped
overboard during this investigation did not exceed approximately 1.5
percent of the inlet airflow; the remainder of the bleed flows reentered
the main stream before reaching the afterburner diffuser section.

il
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Engine Components

Compressor. - The seventeen-stage axial-flow compressor has variable
inlet gulde vanes and varisble stator blades in the first gix stages that
are moved simultaneously from the open position to their respective '
closed positions. The angle of travel from open to closed for the vari-
our stages is as follows: inlet guilde vanes, 47°; first stator stage,
44%; gecond through fifth stages, 35°; and sixth stage, 41°. All ref-
erences to stabor position throughout the report will be in terms of the
second ‘through fifth stages as a matter of convenience; that is, the
elosed position will be referred to as 35°, The compressor has a con-
stant tip dismeter of 29.95 inches through the first fourteen stages and
tapers down to a tip diameter of 29.3 inches at the seventeenth stage.
The hib-tip radius ratios of the first, fourteenth, and seventeenth
stages are 0.36, 0.86, and 0.88, respectively. The compressor was de-
signed to deliver an airflow of 162 poumds per second and a total-
pressure ratio of 12.2 at static sea-level military conditions.

Combustor. - The combustor is a cannular type with ten circular
through~-flow inner liners. Fuel is supplied to each liner through a
single-inlet duplex fuel nozzle., Ignition is provided by a spark plug
in one of the inner liners and spreads to the other liners through
interconnecting crossfire tubes. The combustor-inlet reference velocity,
based on the Pull burner section area of 4.33 square feet, is approxi-
mately 89 feet per second at design sea-level conditions. '

Turbine. - The three-stage impulse-type turbine has a constant
pitch-1line diameter on all three stages and tip diemeters of 28.4, 29.65,
and 31.05 inches for the first, second, and third stages, respectively.
The hub-tip radius ratios of the first, second, and third stages are
0.81, 0.70, and 0.59, respectively. The increase in annular area through
the turbine occurs entirely in the turbine nozzles. The turbine was de- .
signed to operate at a turbine-inlet temperature of 1700° F at 7460 rpm.
Damping rods are installed between adjacent third-stage rotor blades to
reduce blade vibration. These rods are 3/16 inch in dismeter and are
situated at aspproximately 75 percent of the blade height.

Control and exhaust system. - The engine conbtrol schedules the
varisble-stator assembly to vary continuously as a function of corrected
engine speed from the closed position (550) et 64 percent of rated cor-
rected speed to the open position (OO) at 90 percent of rated corrected
speed (fig. 1). During the investigation, the original schedule was
altered as shown by the dashed line of figure 1 to achieve & higher
thrust during operstion at a high engine-inlet temperature corresponding
to & Tlight Mach number of 2,0. The primsry exhaust nozzle, which is a
convergent, varisble-area iris-type nozzle, 1s scheduled to vary in
gradual steps from an open position at idle conditions to a closed
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s position at military position of the power lever. During this investi-
gation, however, the variable-stetor assembly and the exhaust nozzle
were manually controlled. The afterburner, which was inoperative during
this investigation, has s maximum internal diameter of about 34 inches
and includes a diffuser, fuel-injection bars, a pilot burner, a three-
ring gutter-type flameholder, and a corrugated and louvered cooling
liner. The varisble secondary exhaust nozzle was removed during this
Investigation.

Installation

A view of the XJ79-GE-1 turbojet engine installed in the altitude _
. test chamber is shown in figure 2. The engine was rigidly mounted on a
Flexure-plate supported test platform that was connected by a linkage to
a calibrated null-type thrust cell. Dry refrigerated or heated alr
entered the engine inlet through a bellmouth Venturi duet, which was
mounted to the engine inlet and test platform. The inlet section is
separated from the exhaust section by the front bulkhead, which incor-
porates a lsbyrinth seal around the inlet Venturi duct to prevent the
flow of combustion air directly into the exhaust section and to permit
the measurement of thrust forces. The inlet- and exhaust-pressure con-
trols are designed to maintain automatically a constant ram-pressure
ratic and exhaust pressure.

. _ Instrumentation .

Instrumentation for measuring pressures and temperstures was in-
stalled at various stetlons through the englre as shown in figure 3.
The table presented on the figure indicates the number and type of meas-
urements at each station. Total-pressure and temperature probes at each
station were located at the approximate centers of equal annular-asrea
increments so that measurements could be averaged arithmetically. In-
strumentation was also provided to messure the portion of bleed flows
dumped overboard through the compressor- discharge standpipes.

Pressures were measured by pull-type diaphragm capsules and recorded o

by a digital, automatic maltiple-pressure recorder. Temperatures were
measured and recorded by iron-constantan and Chromel-Alumel thermocouples
in conjunction with self-balancing pobentiometers. Fuel flow was meas-
ured by a calibrated turbine-type flowmeter. The varisble stator pogi-
tion and primery exhaust-nozzle area were determined from cold calibra-~
tions of oubtput voltages from 1inear potentiometers in thelr actuating
mechanisms,

60L¥
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PROCEDURE

Most of the data were obtained at the minimm inlet-alr temperature
counsistently available (approximately 418° R) to extend the range of cor-
rected engine speeds. ZFEngine-inlet pressures were gelected in conjunc-
tion with this inlet temperature to give a Reynolds number index range
from 0.60 to O. 08. Some data were obtained at higher inlet-air tempera-
tures up to 700° R at a constant Reynolds number index of 0.4 in order
to investigate the effect of temperature itself on the reproducibility
of the dsts.

With the verisble stators in the open position, data were obtained
at each Reynolds mumber index at five fixed settings of the variable-
ares exhsust nozzle over an engine speed range from military (7460 rpm)
down to the surge region. At a Reynolds number index of 0.2, similar
data were obtained for other settings of the variasble ststors down to
the fully closed position. Fuel conforming to the specification MIT-F-
5624A grade JP-4 with a lower heating value of 18,700 Btu per pound and
& hydrogen-carbon ratlo of 0.171 was used throughout the investigation.
Definitions of symbols, methods of calculetion, and a sample calculation
of engine performance from genersalized performance data are presented in
appendixes A, B, and C, respectively.

RESUITS AND DISCUSSION
Component Performance

Compressor performance and turbine performsnce are presented in the
form of performasnce maps at selected values of Reynolds number index,
and the effects of Reynolds number on performasnce are surmarized. The
effects of varigble stator angle and hot inlet-air temperatures on com-
pressor performance are slso shown. Combustor performance is presented
in a generalized form as a function of the usual combustor parameters.
Exhaust-system data sre. also shown to permit the cslculation of over-all
engline performance.

Compressor performance. - The compressor performance map at a
Reynolds number index of 0.60 with the varilsble stators in the open posi-
tion 1s shown in figure 4(a). At design compressor pressure ratio 12.2)
and rated corrected engine speed (7460 rpm), the corrected airflow was
approximately 159 pounds per second, and the compressor efficiency was
0.784. Compressor efficiency reached a maximum of 0.80 to 0.8l st a
corrected engine speed of approximately 6900 rpm. At a given corrected
engine-speed, varigtion in compressor pressure ratio (as limited by
operation of the compressor and turbine as engine components) caused
variations in compressor efficiency only of the order of 0.0lL. The cor-
rected airflow was unaffected by compressor-pressure-ratlo variations at
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high corrected engine speeds; but at a corrected speed of 6600 rpm, tThe
corrected airflow was lowered about 3 percent by increasing Pressure
ratio over the range permltted.by ‘the variable-area exhsust nozzle.

The open stator compressor performance .map at a Reynolds number
index of 0.20 is shown in figure 4(b). At the design pressure ratio and
rated corrected engine speed, corrected airflow was sbout 2 percent lower
and compressor efficiency was approximately 0 02 lower than at a Reynolds
number index of 0.60. 7Peak compressor efficiency was approximstely 0,03
lower and occurred at a slightly higher corrected speed. Variations in
pressure ratio at a given corrected speed had a greater effect on cor~
rected alrflow at this lower Reynolds number index (0.20). At a cor-
rected speed of 6600 rpm, increasing the compressor pressure ratio over
the permissible range lowered the corrected airflow about 6.5 percent at
a-Reynolds nimber index of 0.2 compared with a 3 percent reduction at a
Reynolds number index of 0.8.

. The compressor performance gt a Reynolds number index of 0.20 with
the varieble stators fully closed is shown in figure 4(c The verilsble
stators are scheduled to be closed only for the_lov-speed.portion of the
map. The compressor performance was mapped over the full range of cor-
rected engine speed and exhaust-nozzle ares at this stator position
(fully closed) to permit the determination of compressor performance for
other possible schedules of engine speed with stator position and other
exhaust-nozzle area schedules: With the stators closed, the compressor
operates in a region of considerably reduced airflow and pressure ratlo
end the peak compressor efficiency is less than 0.60. Corrected airflow
was sensitive to compressor pressure ratlio over the entire corrected
engine speed’ range., The slope of the corrected speed line st 5200 rpm
illuatrates the advisabiliity of ‘scheduling. a 1arge exhaust-nozzle area
at this operating condition. )

Compressor efficiency and corrected airflow for open stator opera-~
tion are shown in figure 5 as functions of Reynolds pumber index for
constant values of corrected engine speed ghd compressor pressure ratio.
Reynolds nunmber variations had no appreciable effect on compressor effi-
cleney or corrected ailrflow for values of Beynolds nuber index greater
than approximately 0.4. At a corrected engine speed of 8000 rpm and a
pressure ratio of 12.50, reducing the Reynolds nunber index from 0.4 to
0.08 lowered the compressor efficilency by 0.05 and lowered the cofrected
airflow approximately 7 percent, The decrease in efficlency and cor-
rected airflow with decreasing Reynolds number index was greater at the
lower corrected engine speeds. Compressor performance losses due to
Reynolds number effects were also greater at higher compressor pressure
ratlos, especially in the low corrected-engine-speed region.

B60LY
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Corrected airflow data obtained over a range of inlet-sir tempera-
tures corresponding to flight Mach numbers up to 2.0 did not appear to
generalize within the expected accuracy of the airflow measurements
(fig. G(a)). The apparent trend of increasing corrected airflow with
incressed inlet temperature was still doubtful because the compressor
pressure ratio was not guite constant in spite of the constant exhaust=
nozzle srea, and the hot-temperature data were in the low corrected-
engine-speed regilon where pressure ratio was shown to have an effect (see
fig. 5). However, after the effects of compressor pressure ratio were
eliminated (fig. 6Cb)), the trend of increasing corrected airflow still
existed and amounted to spproximately a 3 percent increase in corrected
sirflow for an increase in inlet temperature from 416° to 700° R,
Although the reasons for this effect are not understood, it is believed
that the accuracy of the data involved establishes the existeunce of this
trend.

The effect of stator position on compressor performance is shown in
figure 7 for a range of exhaust-nozzle areas &t a Reynolds number index
of 0.20. Corrected sirflow with the varieble stators closed was approxi-
mately 38 percent of the open stator value at a corrected engine speed
of 8000 rpm and sbout 44 percent of the open stator value at a corrected
engine speed of 6700 rpm (fig.'7@a)). The corrected engine speeds at
each stator position that correspond to the control schedule values (fig.
1) are shown on the figure by vertical dashes. The corrected alirflow
for off-schedule operation or for altered schedules mey be approximated.
by linear interpolation.

Compressor pressure ratio (fig. 7Cb)) with the variable stators
eclosed was sbout 36 percent of the open stator value at a corrected
engine speed of 8000 rpm and ebout 42 percent of the open stator value
at 6700 rpm. At the corrected speed of 6700 rpm, the closed nozzle pres-
sure ratio of 9.1 could be reduced to 8.3 by opening the exhaust nozzle
or to 3.85 by closing the stator vanes. The low-speed stall-line inter-
cept with open stators and an exhaust-nozzle area of 2.8l square feet
and the approximate scheduled operating line of the veriable stetors are
indicated on figure 7Cb) to illustrete the necessity of an antistall
device on this high-compression-ratio compressor.

The effect of stator position on compressor efficiency is shown 1n
figure 7(c). Peak compressor efficiency was lowered from 0.77 to 0,75
by closing the varisble stators from O° to 18°, but dropped off rapidly
to less than 0.60 when the stators were fully closed to 35°, The cor-
rected engine speed at which the engine is scheduled to operate for a
given stator position was in the region of peak compressor efficiency
for the two closed-stator positions investigated.
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Combustor performence. - The variation of combustioﬁ efficiency with
the combustion parameter Wa oTg 1s shown in figure 8. This parameter

is approximately proportional to the combustor-inlet parameter PT/V
and 1s more convenient in conjunction with over-all engine performance
calculations.  Combustion efficiency varied. from 0.97 at the highest
values of WE’ZTQ to 0.90 at a combustion parameter of approximately

15,000, which essentially covered the range of engine and flight condi-
tions investigated with the varisble stators in the open position. With
the stators closed at a Réjmolds number index of O, ZO the combustion
parameter could be_reduqed,further,_and.the;eombustion efficiency dropped
off repidly with .decreasing englne speed and lncreasing exhaust-nozzle
area to about 0.33 at a combustion parameter: Ve, oTg of 4500. However,

this condition would not normally be encountered in actusl flight and is
presented as isolated combustor performance beyond the usual range of a
combustor operating as an integral part of the engine. The combustor-
inlet conditions of pressure, temperature, and reference velocity at this
point were approximately 750 pounds per squaie foot absolute, 610° R,

and 60 to 70 feet per second, respectively. The corresponding inlet con-
ditions for the maximum combustion parameter and combustion efflciency
were 13,628 pounds per square foot absoluteJ 1078° R, and 82 feet per
second, respectively.

The combustor total-pressure loss ratio as a function of combustor
temperature ratio is shown in figure 9. As the temperature ratio in-
creased from 1.45 to 2.05, the combustor total-pressure loss ratio de-
creased from 0.07 to 0.05. This reduction in total-pressure loss ratio
results from the more rapld decrease in friction pressure loss that ac-

companles the decrease in combustor-inlet Mach number in comparison with

the increasing momentum pressure loss as combustor temperature ratio is
increased

Turbine performance. - The over-all performance of the turbine is
presented in terms of corrected turbine enthalpy drop and turbine gas-
flow parameter for lines of consbant corrected turbine speed, pressure
ratio, and efficiency. The turbine performance map determined from _
open stator data at a compressor-inlet Reynblds number index of 0.60 is
shown in figure 10(a). The range of engine speeds snd exhaust-nozzle
areas investigated caused the turbine-inlet Reynolds number index 1o
vary from 1.04 to 1.41, but, as will be shown later, Reynolds number has
little or no effect on turbine performaence in this range. Over the
narrow range of corrected turbine speed and pressure ratio as limited by
operating in an engine at a constant stator position, the turbine effi-
ciency varied from 0.86 to 0.88. The corrected turbine gas flow, which
can be obtained by factoring out the corrected turbine speed and the
factor 60 from the turbine gas-flow parameter, was about 28.3 pounds per
second, :

re

1 h
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At a compressor-inlet Reynolds number index of 0.20 and open stator
position, the Reynolds number index at the turbine inlet varied from
0.29 to 0.43 (fig. 10(b)). The turbine performance map was quite similar
to that at the higher Reynolds number index; the corrected turbine gas
flow was still gebout 28.3 pounds per second; the turbine efficiency
varied from 0,86 to 0.88. However, the peak turbine efficiency of 0.88
occurred over a smaller range of the performance map than at the higher
Reynolds number index.

Turbine performance at the lowest turbine-inlet Reynolds number
indices investigated (0.13 to 0.19) is shown in figure 10(c). The much
larger range of this turbine performence map resulted from the combina-
tion of closed-stator data at a compressor-inlet Reynolds number index
of 0.2 (1cwer right portion of map) and open-stator deta at a compressor-
inlet Reynolds number index of 0.08 (top left portion of map). The tur-
bine efficiency lines must be counsidered ouly spproximate because of the
relatively large Reynolds number index variation for this low Reynolds
number index range; but it ie evident that the peak efficiency shifted
to a region of lower corrected work and pressure ratio than at the higher
Reynolds number indices. The minimum turbine efficiency encountered
during the investigation was sbout 0.82 and occurred during closed-stator
operation at a Reynolds number index of -0.20. The trend of the constant
corrected speed lines to lower corrected gas flows at the low turbine
pressure ratios indicates that the turbine nozzles were unchoked when
operating with the variable stators in the closed position. When the
turbine nozzles were choked, the corrected turbine gas flow was still
gbout 28.3 pounds per second, the same as at the higher turbine Reynolds
number indices.,

The effect of Reynolds number on turbine performaence is summarized
in figure 11l. At the conditions where Reynolds number effect could be
isolated, that 1s, at constant values of corrected turbine speed and
pressure ratio, the turbine efficiency was not affected by Reynolds num-
ber down to a Reynolds number index of sbout 0.4, but dropped off about
0.02 as the Reynolds number index was reduced to 0.15. There was no
apparent Reynolds number effect on corrected turbine gas flow over the
range of Reynolds number indices investigated.

) Exhaust system. - The exhaust-system data are presented to allow
calculation of over-all engine performance from pumping characteristics
which are based on turbine-ocutlet pressure. Tailpipe total-pressure loss
data are shown in figure 12 as a function of the turbine gas-flow param-
eter. wg,S“VTQ/?s’ which is s function of the turbine-outlet Mach number.

With the varisble stators in the open position, the tailpipe total-

pressure loss increased from 4.5 percent of the turbine-outlet total

pressure at a gas-flow parameter of 1.02 up to gbout 13 percent at 1.47.

At the static sea-level military condition, the gas-flow parameter is T
1.26 and the total-pressure loss ratio 1s about 0.07. The turbine ' ’
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gas~-flow parameter could be lowered to 0.65 with the stators fully
closed, at which point the totel-pressure loss ratio was asbout 0.04.
Data obtslned with the largest exhaust-nozzle area resulted in total-
pressure loss ratios as high as 0.35 (not shown on figure), indicating
that choked flow exlsted somewhere near the turbine instead of at the
exhaugt~nozzle throat. The exhaust nozzle became unchoked at turbine
gas-flow parameters somewhere between 1l.47 and 1.53.

The velocity coefficlent of the primary exhaust nozzle with the
secondary nozzle removed. is shown 1in figure 13 as a function of nozzle
pressure ratio. When the exhaust nozzle was unchoked (nozzle pressure
ratio pg/Pg > 0.5), data scatter made the values unreliable. When the
exhaust nozzle was choked, however, the data fell about a mean value of
about 0.985.

.Engine Performance

Several aspects of the over-all engine performance are discussed in
this section. Typical effects of variable stator position on net thrust
and specific fuel consumption are presented at a specific flight condi-
tion and exhaust-nozzle area. Englne pumping characteristics with open
stators are presented at selected values of Reynolds number index and
the general effect of Reynolds number on the pumping characteristics i1s
summarized. Net thrust and specific fuel consumption are presented for
a flight Mach number of 0.9 gt rated engine conditions over a range of
gltitudes above the tropopause to illustrate over-all performance losses
resulting from decreased Reynolds number index.

Some typlcal effects of variable stator position on over-all englne
performance are shown In figure 14 for one specific flight condition and
exhaust-nozzle area. WNet thrust fell off rapidly in approximately linear
fashion when the stators were closed. This 18, of course, the expected
trend on the basis of the corresponding alrflow and compressor pressure
ratio reductions (figs. 7(a) and (b)). Although the thrust dropped
rapidly, the specific fuel consumption incressed only slightly with
closture of the stators to sbout' the mid position (18°). However, the
specific fuel consumption inecreased rapidly as the stators were closed
further. This nonlinear variation of specific fuel consumption with *
stator position is a result of the similar variation in compressor effi-
clency with stator position shown in figure 7(c). Inasmuch as the vari-
able stators are generally scheduled to be open except for certain engine
transient operations at reduced speeds, the followlng presentation of
generalized. steady-state engine performance 1s confined to the open
stator position. '

60LY
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Pumping characteristic maps, which consist of the variation of en-
gine pressure ratio with corrected engine speed with lines of constant
engine temperature ratio and corrected airflow, are shown in figure 15
for Reynolds number indices of 0.6, 0.2, 0.12, and C.08. The peaks of
the lines of constant engine temperature ratio show the regions of maxi-
mum combined compressor and turbine efficiencies. The slope of the
lines of constant corrected airflow at low corrected engine speeds re-
Plects the reductlion in corrected airflow with increasing pressure ratio
as discussed in the compressor performance section. Over-all engine
performence may be determined for choked exhaust-nozzle operation at any
flight condition corresponding to a Reynolds number index greater than
.0.08 by use of the pumping characteristic maps and several auxiliary
curves (figs. 6, 8, 12, 13, 18, and 19). A sample calculation of engine
performance using this method is presented in apperdix C.

The generdl trend of engine pressure ratio and corrected airflow
with Reynolds number index is shown in figure 16 for several corrected
englne-speed and temperature-ratio conditions. Curves similar to these
can be constructed from the pumping maps for calculating engine per-
formance at other engine conditions and can be interpolated for inter-
mediate velues of Reynolds number index.

The reduction in net thrust and increase in specific fuel consump-
tion resulting from Reynolds number effects on the engine components are
showvn in figure 17 for the rated engine speed and limiting temperature
condition over a range of altitudes from about 35,400 feet (tropopause)
to 72,000 feet at a flight Mach number of 0.90. This corresponds to a
range of compressor-inlet Reynolds number indices from 0.46 to 0.08.
Increasing the altitude over thls range reduced the corrected net thrust
by 14 percent, 6 percent of which was due to reduced airflow. The lower
engine pressure ratio resulting from reductions in the compressor and
turbine efficiencies accounted for about 6 percent of the thrust loss,
and sbout 2 percent was due to the increased tailpipe pressure loss
brought about by the above effects on the turbine-outlet Mach number.
The specific fuel consumption was increased about 16 percent as altitude
was increased over this range, 6 percent of which can be charged to com-
bustion efficiency, 8 percent to the compressor and turbine efficlencies,
and 2 percent to the higher tailpipe pressure loss.

SUMMARY OF RESULTS

The results of performance tests on the XJ79-GE-1 turbojet engine
and its components are summarized as follows:

1. At rated corrected engine speed (7460 rpm) and design compressor
pressure ratio, the corrected alrflow was 159 pounds per second and the
compressor efficlency was 0.784 at a Reynolds number index of 0.6. At
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this Reynolds number index, peak compressor efficlency was between 0.80
and 0.81 and occurred at a corrected engine speed of approximately 6900
rpm. Compressor performance was not appreclably affected by Reynolds
number at Reynolds number index values greater than approximately 0.4.
Lowering the Reynolds nunber index from 0.4 to 0.08 reduced the com-
pressor efficiency 0.05 and lowered the corrected alrflow approximately
7 percent at the highest corrected speed (8000 rpm) at which comparisons
could be made. Increasing the engine inlet temperature from 416° to
700° R at a constant Reynolds number index resulted in approximately a
3 percent higher corrected airflow for a given corrected engine speed _
and compressor pressure ratio. ' o

- 2. Varying the variable stators from the open to closed position
(0° to 550), resulted in reductions in corrected airflow and compressor
Pressure ratio on the order of 60 percent. " Peak compressor efflclency
wag lowered only 0.02 by closing the stators halfway, but decreased ’
rapidly when the stators were closed further. Net thrust fell off _
rapidly when the stators were closed, but the specific fuel consumption
remained relatively low until the stators were closed more than halfway.
The planned schedule of variable stator position as a function of cor-
rected engine speed apparently safely bypassed the low-speed stell region
and passed through the regions of peak compressor efficiency.

3. Combustion efficlency varied from 0.97 to 0.90 over the range of
engine and flight conditions investigated with the variable stators in
the open position. The combustor total-pressure loss ratio varied from
0.05 to 0.07 over the range of combustor temperature ratios investigated.

- 4. Turbine efficiency varied only from 0.88 to 0.86 for open-stator
operation throughout the investigation. The minimum turbine efficiency
encountered was about 0.82 and occurred during closed-stator operation
at a Reynolds nunber index of 0.20. Turbine efficiency was not affected
by Reynolds number down to a turbine-~inlet Reynolds number index of about
0.4, but dropped off about 0.02 as the turbine-inlet Reynolds number
index was reduced to about 0.15. There was no apparent Reynolds number
effect on corrected turbine gas flow over the range of Reynolds number
indices investigated

5. An increase in altitude from the tropopause to 72,000 feet at a
flight Mach number of 0.9 (Reynolds number index reduction from 0.46 *to
0.08) resulted in a 14 percent reduction in net thrust and an increase

in specific fuel consumption of 16 percent in comparison with the values = '~

that would be obtained assuming no losses in component performence with
increasing altitude.

Lewis Flight Propulsion ILsboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, March 20, 1958
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APPENDIX A

SYMBOLS

The following symbols are used in this report:

area, sq £t

balance force from thrust capsule, 1b
coefficient

thrust, 1b

acceleration. due to gravity, 32.17 f'!:./:sec2 :
entﬁalpy, Btu/ 1b

Mach number

engine speed, rpm

total pressure, lb/sq £t =bs
static pressure, 1'b/sq ft abs
gas constant, £t-1b/(1b) (°R)
total temperature, °R

static temperature, °R
velocity, ft/sec

flow rate, Ib/sec or Ib/hr
X
T-1
1.4 2
Y S —————————
1.4-' - l
1.4 +1
2

YT correction factor,

ratio of specific heats

ratio of total pressure to NACA standsrd sea-level static

pressure .
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8/0+/6 Reynolds mumber index

] efficlency

e " ratio of total temperature to NACA standard seaelevel static
temperature .

¢ ' ratio of sbsolute viscosity to v1scosity of NACA staendard
atmosphere at sea level :

Subscripts:

a air

B combustor

b ~ bleed

. compressor | D

cr . .. critical | B

eff effective

£ fuel_ i

g gas

id ideal

J - Jet

n net —

8 slip joinf in inlet duct

T turbine .

v 'velocity'. |

0 free-streag conditions

1 Anlet Venturi throsat - .

2 compressor inlet

3 compressor outlet, combustor inlet.
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4 combustor outlet, turbine inlet

5 turbine outlet

5a turbine outlet (GE control thermocouples)
9 exhaust-nozzle inlet

15
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APPENDIX B

METHODS OF CALCULATION

Airflow. - Airflow was determined from measurements of total-
pressure upstream of the bellmouth, static pressure in the inlet Venturi
throat, and temperature at the compressor inlet. These measurements
were used to calculate engine-inlet airflow from the equation,

il g

e G [C A

Overboard leskage a.irflow was calculated similarly from pressure
and temperature measurements in the compressor discharge standpipes. and
was subtracted from the inlet alrflow for all stations downstream of the
point of extraction. Tailpipe gas flow was obtained from the expression

Wg,s = Wa,l - wa,b + W /3600

Compressor efficiency. - The compressor efficiency 1ls defined as the
ratio of isentropic enthalpy rise to the actual enthalpy rise across 'bhe

compressor

N = ( Zg)isen‘bropic - By ,2
C Ha 3 - Ha,z_ e . .. —

The enths.lpy values were determined from cherts based on the ma:terial
of reference 1 using veriaeble specific heats.

Conbustion efficiency. - The combustion efficiency is defined as the

ratio of the ideal fuel-air ra.tio necessary to obtain the engine ‘tempera-
ture rise to the actual fuel-alr ratio.
- (ve/va ,5)1a
B (ve/va S)a.c'bual

The ideal fuel-air ratlo was determined from the fuel properties and the
engine temperature rise (see fig. 18 or ref. 2).

60L7
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Turbine efficiency., - The turbine efficiency is defined as the ratio
of actual enthalpy drop to iseuntropic enthalpy drop across the turbine:

e = Be,e -~ g5
T (Hg,é - Hg,S)iseritropic

The turbine-inlet temperature T4 was calculated by assuming that the

turbine enthalpy drop equaled the compressor enthalpy rise. The enthalpy
values were then determined from charts based on the material of refer-
ence 1 using varlsble specific heats.

Jet thrust (measured). - Jet thrust was determined from the thrust-
measuring system by an algebraic summation of the forces acting on the
engine:

Fy = B + Ag(Py - po)

where B 1s the balance force from the hydrauiic capsule. The last
term represents the momentum and pressure forces on the installation at
the labyrinth seal.

Jet thrust (calculated). - Jet thrust was also calculsted from the
gas flow and effective Jet wvelocilty:

Fi = 28,5
J g

eff

The effective velocity, which includes the effect of excess pressure not
converted to velocity for supercritical pressure ratios, was obtained
from the effective velocity parameter of reference 3 (also see fig. 19).
The ratio of measured thrust to calculated. thrust is the velocity coef-
ficilent C-;—,, which can be used for all choked nozzle conditions to obtain

true Jet thrust when multiplied by the caleulated jet thrust.

Net thrust. - Net thrust was determined by subtracting the inlet
momentum from the Jet thrust: .

Va,2
g

Fn:"F..',j" Vo
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APPENDIX C

SAMPLE CALCUTATION OF ENGINE PERFORMANCE

FROM GENERALIZED PERFORMANCE DATA

In.order to illustrate the method for obtalning over-all engine
performance from generalized performance data, a uumerical example 1s
presented for the following flight and engine conditions'

Alti‘tude,ft....-....------
Flight Mach number, Mo . « « « « « « o &

Engine speed, N, rpm o « « o ¢ ¢« ¢ « o &
Exheust-gas total tempersture, Tg, R .

From these condltlions the folloﬁing
po = 490 Ib/sq Tt sbs

tg = 392.4° R

Qﬁanttties are known:

| 35,400

.« 0.9
« 7480

« 1530

From these Quantities, and assumling 100 percent ram-pressure re-

covery and an NACA standard day, the follow1ng parameters may'be

calculated:
Vo | = 874 ft/sec
Pp = 829 1b/sq £t abs
T2 = 456° R
LR = 0.9373
By = 0.3918

82/P2-/02

0.46

i

N/~/Bz = 7959 rpm -

Tg/Ta = 3.355

From figure 15, values of engine pressure ratio and corrected air-
flow can be obtained at a corrected engine speed of 7959 rpm and ad
englne temperature ratio of 3.355 for various values of Reynolds number’

index, Curves similar to those in figure 16 can be constructed and the
engine pressure ratio and corrected sirflow at a Reynolds number index

Sk dik o

"
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of 0.46 can be obtained:
Ps/Py = 2,633
W, 2/02/0z = 165.75 1b/sec

and

P5 = 2183 1b/sq £t abs
Vg, = 69.29 Ib/sec

The overboard bleed flow is sbout 1.5 percent of the inlet airflow, and
the airflow downstream of the turbine is

Wy 5 = 68.25 Ib/sec

To determine combustion efficiency, the combustion parameter w, zTg
is calculated, ?

= 3
Wa,zTg = 106.0x10
and from figure 8, )
Mg = 0.968

From the engine temperature rise, the ideal fuel-air ratio may be de-
termined from figure 18 :

Ty - Tp = 1074° R
(we/3600 Wy 5)1g4 = 0.0148
Dividing by combustion efficiency to obtain actual fuel-air ratio yields
wp/3600 Wy 5 = 0.01529
and

wp = 1.044 1b/sec or 3757 Ib/hr

To obtain the exhaust-nozzle total pressure, it is necessary to deter-
mine the tailpipe pressure loss, which is shown in figure 12 as a
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function of Wy 5+/Tg/Ps,

W Vg,5 t wf/SGOO

g,5
68.25 + 1,04 . .

= 69.29 1b/sec
Vg5 Tg/Pg5 = 1.242
(P5 - Pg)/P5 = 0.0665

and .

Pg = (1 - 0.0665)P5 = 2038 1b/sq Tt abs

The exhaust-nozzle pressure ratio is

‘pofPg = 0.2404

NACA RM E58C1l2

From figure 13, the exhaust-nozzle velocit&-coefficient is

Cy = 0.985 . °

' To calculate thrust, the effective velocity must be determined.
From the fuel-air ratio and exhaust-gas temperature, the ratio of spe-

cific heats Is
_ Yg = 1.337
From figure 19, the effective velocity parameter 1s
Vepe/ /a5 = 1.513
The effective velocity then becomes

Vepp = 2452 ft/sec

and the jet thrust is

. _
F, = —%;5 CyVeps = 5201 1b
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By subtracting the inlet momentum, the net thrust becomes

F o= Fy o~ 822
. n=TFy-—2=Vo=3519 b

and the specific fuel consumption is

wp/F, = 1.132 1b/(hr) (b thrust)
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TABLE I. -~ Contlnued. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE
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1. 54 244D 1.477 | 7800 180.36 11,08 T4 083 58 | L0084 | 6,445 541 | W5 26, 1.Ep8 - 8279 586 37
1,179 . 9.808 2,192 | T 181,12 1R,00 JT78 .087 LETH ¥ 6,342 L9TA | 3798 1.387 .0as TRTE ] 38
——p— —— 2060 | e ——— 1197 | == 088 | memm oo [B,571 | e | = oo -—r—— 088 R702 ———— ) 38
3.7 a.814 182 | IR 182,88 11.07 798 081 L9701 .0115 | 5,365 872 | 5747 28,83 1.383 . . .68 | 40
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TABLE I. - Continued. FERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE

Regn- [Varl- [Engine|Exhanst- | Dorpesnsor-| Oonpre Furbine- [Turbine [Exhauss [Dompressar- [Compressor— |Turbine- |Tugbine- |Exhwpist- | FREK Mﬂ — [Teii- ol | Jat et
able [apeed,| noxsis |inlet total| outled inlst outlet ges  |inlet todtal| wutled inlst artlet ao3zle- -statie 6 [board | pipe | flow, [thruat, | shross,|
yutar| N, ares, ‘tamper- total tobal total total | pressurse, total total total inlet -prasiure,| - |[blesd | gas Ve, P,, l',n,
o R Iy hr | e | e " |atare g el vl s B i Bt Pl s L
an, 7] i3 ., Fu. A » b 5 i 5 Prenire, a,R* » iV g
dcg on Ts, Tes & %9, ?EJ'R' N IS L £ I T L S 1/aeolape 157
°g 1 %8 T on Wt [T E LI 1h/sac)
. ‘:Ql,a r Bq {3 .
m'
R
&l 1 &ALy | R.396 497 1073 17710 430 ¥5.08 |0,64 |55.04 572 1680
42 sed | 5.178 e 097 1 438 46.80 58 49.38 | 1675 | 2878
43 ased | S5.178 -] loed 1604 . 451 J9 | .83 |57.85 (1850 [ B1an 1035
KT 8427 | R.045 7 loas 1804 434 . 40 | B9 | £7.47 [ La8S | 2354 1105
45 F428 | 3.178 Bas 1038 425 - a7, R4 88 (68504 [1705 | 3887 1002
45 258 | 3,170 Re 1027 1478 ] 43.18 | .69 [62.70 | 1400 | m3em a7
47 51af | B.176 5 ) 1451 433 50,19 | .88 [E9.72 |1530 | 3044
&8 8006 | 2,00 480 70 1488 . 431 58.00 .085 59,82 [1G57 | 1820 97
49 T48L | 2.000 7 127 BOo8* 431 84,71 032 [84.81 | 2030 | 4350
5 7486 | 3,155 BaB 20041 429 85.5% B4 [85.30 | 2T00 | 4444 1500
o 7454 [ 3.178 805 letm PORS 43) . (s2.ap [ .82 ([s2.71 (2600 | <264
52 ™mog | 2.810 &3 1838 183 4g2 5840 51 {58308 | 2355 | 3878 1e89
85 1199 | 3.176 595 1x0 less 432 58.45 | .81 [5¢.28 [2170 | 3736 1488
Ed . 130 [ 2,510 599 1a08 lba 48 |48 .65 54,78 j2020 [SDe 1391
R 1050 | 5.178 803 1800 1 27 rﬂ.eﬁ .58 |54,98 [1840 | 3290 lie2
1] G880 { 5.1m BT’ 177 1786 420 52,88 .55 [52.20 J1880 [ 2988 4
87 8704, § 2.850, 597 L 178 24 48.84 | .51 48,41 [1ssC [ 2838 209
54 s780 [ 3.0 | Lo 1859 426 . pAR.21L | (B0 |48.96 ['1410 | 2639
58 L, 7800 [ 3.17C 705 1393 2118 - 428 £1.48 | .55 [B1.47 |2810 | 4279 1482
&0 - 1483 | 2.906 GRR I3m 2188 454 ‘ﬂ_.O'l-- 48 |se.18 ﬂﬂﬂ* 4545 [J.;:sar _'r
N T DETEN ¥ BEECIONE DL | T
. &), o fe frassl yzasn. X - f ;ﬁ Lo 409 a.nu.”.ﬁ 8a.2¢ |zssa Jeore
ez 3t fzew Qatasi B eoo oo 4w (e8| 55 [seizs fa1es Lamls (1248
s NERT 1T 1340 1979 428 56.07 | o6 |66.80 [1850 |.3657 978
84 708 | 3.157 asr 1353 160 430 Bi.72 | 5@ |S4.B7-F1878 | 3401 90E
[}.] TL6 'J.IBG‘I. ag7 - 152% 1808 [ BS.48 | .55 |53.39 [21770 [sesy, | SB4 -
a8 raey | 2.087 t a0 1091 1545: 872 218 28.27 [.31 |28,53 |1800 [e070 | 1345
87 7480; |-2,936 2 1085 1998 1485+ - 185 215 28.02 | .50 [ealos g Lised ; § 1000
as ;TH4 | €880 400 1078 [ 1847 1245 wos - n7 28.27°1 .28 |E3.se 83 ° 1548 E90
j&o oAl 2875 |, ¢ 4l 106% 1535 3 60e 215|280 [ .50 |28.17 [1s7e |@om.  [l3ee
70 2.818 421 loas i 1810 14683 - Bl 82 85 Qs gr.2e | 33 |27.87 1932
n s 1088 19318 1380 [1ska; .| 320 | 4,177 -8 780 862 214 27,30. | 53 |2v.31 [opo T1780 | Mg
T= 485 1040 1174 195 1194 380 4,065 3808 5%a 4 CORle  IRT.AR .28 [27.5B ™5 |12s5 |, 616
el R 1 1038 2054 1588 g s 4,389 F 4130 L adl. . g 24 PT.M .Fh34. (21.87 2003 |aes [T
| .74 o417 . 1051 29 1448 415 'L S 4,854 [ 4081 [ a7 mne 'F 2 27.02 | .38 |27.87 Ma420 1811
“73 R Y 1083 1888 ¢ 1500 333 4,118 ] 7eRr . and 27.86 | .32 .80 T1TRL 03
78 418 01T | [[r0e- 1140 L1145 3e8 i 5,05 - 1 -3738 £aa 387 . a7 7.7 [ .89 [R7.82 [- 958 1188 BEg |
rai 481 2000 EORR 1350 1s0e 9 4,010 5801 208 asd D4 £6.96 1 .35 [20.22 1442 1504 1518 .
78 414 "o 1978 1460 | 1458 32 4,095 - 3078 am ass 215 BE.80 | 34 (28,78 |1430 |1937 1317 ¢
™ 417 S5 s 1325 1804 , 320 35,904 2808 L TO8 - 04 .58 |36 44 L0 171 1108
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TABLE I. - Continued. PERFORMANCE DATA OF XJ79-QE-1 TURBOJET ENGINE

21o8SE WY VOVA

1
dpeeifip Eogine Dompress ar Gomboator . furbina Tallpipe [ Pz, ¥omxle  [Rend-
fuel total- vokal- - 1ng

aonmaption, |temparature|prsssure| Oor- Tor- Con- Com— Com— |Ootbub-| Fuel-|Turhine|Purbin Cor~ Cer- Oorpeatad Tailpipe |Tailpdpe [Rxheuyt-| Bffac~ N
¥ y ratid, ratic, | reated | rected | premscr|presaor| bustor | tion alx prap- | offi- | reoted | reatsd trrhine xas flow | Gokal- | noxxle tive
n
'!/‘!2 P,ﬂ’a angine | airflow pres- | affi. | tosal- | effi- |ratic,| sure |eclenay,| torblns|torbine pwg_,_ pm.:ﬁg. Prepsure [nressurs| veloo-
) ;r ¥a a-\/ﬂg EUT4 | clenoy, |presmurs|oiomer,| W Tatioy] Ty mpesd, |enthalpy [wa 4V B v, Ty loas mtio, ity
s L oatio, | A | leas | My | g | /P H__ | grop,  [RARROE S REYD | ragig, |y | |ecwrFi-
0 1 /E Py’l’e :l:‘tloi a,s ” lb; 5 EL;_EE F; d%:‘l‘h
Bep - . hyor (L 1] {
4 . 3 »
._Ll,l_. rpm 4,00 5
Ba/Ip
1.003 2,485 1.191 B59€8 44,38 [10.24 ©.300 0.062 | O.981 |0.0104| 5.387 | 0;870 | 3735 43,28 64,18 1.508 .0.087 | 60,3518 | o.588 [ 41
1.8 2.RR7 1.474 A4 52.87 9,07 D09 085 28 | (CORB| 5,789 ,884 | 768 13,74 £7.79 1.438 Sl 4118 W76 £
1.588 2.087 1,310 EBBS 122.74 |. 8,10 LT8¢k .068 »042 | .0081| G.780 .868 | 3785 45,09 £4.13% 1.433 114 L3666 385 A5
1,388 2.237 1480 5588 iep.78 8,31 « RO Dok +@0l | ,0088| 5,388 .887 | 589 48.87 £9.05 1,384 LOBS 404 VIES L
1.11 L.977 1,168 5390 118.47 742 JTBS 071 B4 | ,00TR| 5.603 .80 | 5781 43.00 28,19 1453 BEL] L5268 »983 +b
1,811 1. 1,118 6285 106.08 8,07 V14 =071 989 ,0088| 5.787 085 | 3781 43,84 28,07 1,454 118 L5358 072 48
£,048 1,880 048 (] 104,79 8,58 V184 088 00821 B.502 Ja88 | 3787 43,80 20,00 1,457 15 +3740 ;gzl 47
1,787 £,040 1,183 [T ] 105748 8.7 )\ 755 «Dd4 L0073 5,398 681 | 832 41,688 | 27,89 1,533 L0811 4380 893 48
1.35% R,484 1,795 4980 144,81 110.41 . .08Q Bag | ,0127| 5,547 870 | 31T 45,64 28.34 1,364 087 | 288R 990 49
12l | 2,370 1,870 [T 1i6y42 |[10.1%2 ) 085 87L | 0116 5,884 887 | 3apd 44,85 28,51 1440 118 R849 878 | B0
1,449 » R351 1,808 8902 140,42 2. L8058 .OR7 954 | OL17) B.TO8 LA8% | sAb . B8 R7. 1.432 L8 TR N: 1 Bl
1.399 2,298 1.381 a8 150.88 a.08 1808 08d «BB8 | .0112| 5,389 JBBE | X748 43.28 28,13 1,585 087 L8904 |59 53
1.;11 2,808 1,480 8732 150,73 a.99 4 068 +9564 | .0L05| B, 701 La57 | sB2s 43,08 8,00 1.44) w119 . 3290 5] BS
| RRE LS | )M RD ) m)om| o amiiNamim e meo | | omIme|m|
f f . . . . ' 957 | . . -. . . . . . .
1.7 2,025 1258 8414 116,42 .89 186 0879 0 O08Y | &5,704 .08y | 3780 44,10 23.01 L.437 a9 1o 78 S8
i l.088 2.047 1.228 €254 108.07 7,02 LTT4 2088 047 . 5.348 881 | 58 42,81 24,00 1.5k 086 2508 890 b7
2,014 1,047 1,146 8ary 109,84 7.00 »T74 ~069 980 0081 | 5,702 857 | 31 43,57 28.07 1.437 120 4133 2977 58
L.728 2,11 1,358 aneg 184,35 o.08 , 805 ' 83 | OLL5| B,848 -] 44,25 6,10 1,434 J17 £330 B78 &g
1,858 | 24RB1 | 1,400 1%+ 185.10 B.e8 1604 »084 J9T | .onRe| B.310 B850 | 3ead 43,00 28.3%8 1,580 .088 12681 078 &0
1,786 2,041 1.288 8410 8.8 |'1.a H814 087 L4 | 0106 B.8TQ L8564 | 3807 43.9) 27.04 1,418 118 5080 +HS [
1,888 2,008 1,848 6388 118,82 7151 .84 089 987 +0103 | 8,880 1858 | 3THM 4,87 £8.84 1,30 ol 3177 8 1]
2,004 1.988 1,185 8305 1l2.01 721 768 .070 N .,0088 | B.8TR .56 | 3708 43,82 28,18 1.439 11 3365 867 as
2,079 1.987 1,168 B2ER 109,01 7.08 ,069 L85 [-.0008 [ 8,580 L858 | 3TH A3. B9 R7.85 L, k008 »119 . 3458 988 84
2,073 1,985 1,180 4208 107,59 5,83 781 080 L9587 | (0093 | %.877 L8587 | 3111 43,80 24,00 1,450 29 o8 SR BE.
1,188 5.609 2.087 a7 184,99 18,72 . ] (OB5 »954 | .0180| £.070 078 | 311 41,98 £8,59 1.m8 070 -latt S 28
l.164 3,315 e.354 284,48 | 15,44 90 .058 B354 «0143 | 5,392 .a78 1 44.08 29,84 1,510 008 30808 887 ar
1.714 2,987 1,620 ag7a 165,42 | 12,99 N . AT QL8 | 8.587 .49 46.88 28,50 1.509 588 JEReR 950
1,129 3,589 2,738 164,87 {15.87 710 052 963 JOART | 4.704 877 | 3878 41,84 248,58 1,038 .08’ .2880 NL &9
1,189 5.603 2.688 &7g 184,45 |13.54 2712 N 544 | .0155| 4,810 074 | e AL B 0.0 La47 048 +2715 . 70
1,145 3,185 2.08] 8D5% 163,36 |13.06 711 JOBT JR38 +01L53 | 8,308 AT 45,84 28,21 1,388 088 B85
2,748 £, 005 1.645 BOES5 184,82 [12.87 710 1081 -1 40108 | §,508 ,088. | X978 |1 #8.72 28,29 1,608 D58 Nt S4B m®
1 185 |Woe | Tos | d8sid7 |34 | 7@ | loom | o8 | .Giee | dvmy | a7 |ass | d14s | aage Ts | iom | i3rm | em | %
. : . . . 728 N ' . . . . . . . . .
1,125 3.087 2.638 7004 185, 12,75 +TRT 087 I45 | 0124 [ B.380 . -1:M A 44,08 28,44 1.5377 003 3887 1978 %
1,7 2. T35 1,814 7880 185,15 |1d.52 TS SO8R .850 | ,0100 | 6,370 886 | 3951 48,47 £9,208 1,644 »S40 a0t 90 8
1.00 5,868 2.848 TARL 164,09 (12,87 782 L082 N1 .0157 | 4,188 «B8d | 3443 37.00 208.50 1,108 . TRETT 568 hid
1.008 3,522 R. 198 7618 . 12.71 S T88 083 05 L0151 | 4,313, ' 3480 38.8) 23,35 1,137 .05] 2487 082 )
. [ . 7402 158,56 |12.20 + 790 « 4T U127 | 4.848 . DeRE .83 » . a . .
1.074 5.7 3887 [ (23 012 4 28,42 1,085 [+..{] sa18 a8 78
- 1,108 2.835 2,076 74T 5. 11.00 a7 1081 . 0108 | 5,595 874 | 3743 43.55 £8,40 1.578 09 W 5540 A7 80
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TABIE J. - Continued. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE

ZTOSCE WH VOYN

Eugline *  Comprazsor Qomlmapton Tarbine Tailpipe Ix. Noxxle
total- ;
w:.m [~ oar- Gem~ Do Com~ [Oombus-| Ponl-|¥orbine [Purbine| Oor- Jor- Corredtad Yallpipe |Teilpipes |Exhpust-
ratla, | Teated | rectad |presmor [presmor| bustor | tdon air pres- | affi- | rected | rectad tarhine gas flaw | total- | noaxla
o 2 | moiee l.l.rﬂ_‘%,_ pres- -rnl ~ | total offi- |ratia, lur-n. olenay, w:l;“num vurbmmn gas f1 . pu-u_:;n_r, pr;lmr- mmu
n L} aurs . | P RaTCE | O L] ratle,’ L] an’ r w Oty Ial
[T T L A B R o - NS LY o R e e - F&—,—aﬂ—.‘ A A e
rafe n o : -
TP | 1n/asc /%o Py -~ ) ! Vi oar y_f'.:r' 1b/sec -—-1,—---3-u - Ty
ﬁ"i_, . T B )
®.815 1.887 TAE4 186.45 |11.48 0.756 0,083 | 0,833 [0.00a1| 6.575 [ O.A88 | X&74 48,10 87, 1.874 0.340 | D.4058
3,450 f.5M 7048 | 138,00 |20.75 .| .7182 - 0B8R (335 | .01m.| 3.084 884 36.30 24.80 1.085 .042 +2885
3.137 £,38%0 17 | 137.18 [10,87 JTTS 083 558 | .0151) 4.314 7 | 3431 58,40 2.4 1.129 065 3084
g.o00 | 2.009 7028 | )40.85 10,34 .T70 067 o598, | ,013a] 4.087 872 | 3569 41.00 28,40 1,280 N ] 2+ 54565
2,58), A, T8 TR 140.42 |10.07 2162 085 955 | (0084 | 5,562 877 | 3880 45,13 28,40 1.3e8 083 14168
2.088 | 2.413 | ssm2 | 138,57 [ 8.5 | 787 |- .os5 | w2 | .007a| e,30 | ,e57 | zeem 48.24 26.19 1.877 303 | L7ome
5.100 2,084 | 8804 114,28 4,62 749 08 22 | 0as0| 5.980 v A7 36.53 28.29 1,042 . + 3559
2,648 1.857 6815 | 116.80 | B8.45 750 .0K8 .08 | ,0015| 4,289 .688 | 3587 38,18 20.30 1,100 .08 3823
2,804 1,430 118,17 4,87 . LTET | . LBa8 | 0007 4.773 JB88 | SBAS :3_.2& at. 1,208 088 4381
£.320 1,450 8808 | 119.08 | 8.17 2, 76Q 084 898 | .008%| 5,278 887 | 5538 .12 27.88 1,330 081 .50
2.083 1,174 6503 | 118,01 | 7,87 7154 088 | %8z | .008 | £.2p8 853 | 3 .47 £8.08 1.58% L4071 L7e1a
3,602 B,852 188,88 |15.87 587 e LE5T | (0180 4.854 . 374% 41.87 24,82 ) JO75 R8T
3.438 2,580 6033 141.38 |13,11 705 087 (988 | 0147 4,838 879 | 5748 41:77 £8.85 1,262 074 L2878
3,279 2,472 1874 o (1273 7350 058 B3R | Q158 4.840 877 | 3631 41.56 27.1% 1.0a 73 .
3.m7 2,860 MdE | 182,54 1.7 788 089 L858 | ,018] | 4,878 | 873 41,38 28.33 1,260 .om +B171
2.185 1988 To2s | 138,15 |10.18 780 +080 L8508 |-.0006( 4,855 881 | 3588 41.58 28.47 1,288 0% +3748
2,50 1,054 st [ 110,1% | 0.3 ."758 083 JO4Y | 0005 ( 4.771.| ,mGe | 3353 0.2 28.30 1,804 ,0bT Al
2,851 1,538 8308 188,30 |--ee- —— ——— 823 | 0086 8,585 »BAT | 4291 418.18 £8.18 .58 4 <7418
3,544 9,608 eame | 114,99 | v.81 .85 L0858 | 3% |-.0LEB| 4.208 875 | asse 38,48 20,24, 1.090 — ——
5488 2,108 8244 |1118.94 9.5 B34 085 . 64 | 4,731 LATE | 586Y 38.00 8,08 1.197 047 3585
33100 1,807 ' ease 119.38 .58 851 Qe G2 | .0lke | 4.614 L5081 | 4002 41.87 £0.30 1.340 005 I
£.837 | 1,812 8385 | 119,88 | 8.20 .850 .01, .28 | 0013 | 5,505 876 | 4134 43.29 28,04 1.5340 080 L4837
2.489. 1,075 3] 119,.8] 8.718 B4Y .0sd SR8 | 0001 | 8.404 1868 | £304 48,30 W7.61 . 1.584 BT 7578
5,884 +OB1 BOS? | 119.81 | 9,47 673 L 0nd 620 | ,0143 | 4.303 877 39,05 27:97 1,110 048 5408
3,348 2,073 BO4E |- 118,97 | 9.85 881 057 801 | 0144 | 4,575 002 | 3868 59,57 27.84 1R 043 3584
1,808 8078 | 120.39 | 9,23 878 087 .627 | .q1e0|4i017 (800 | 4003 41.48 .10 1.258 1088 000
1.878 a0re 100,821 8,88 A7 ,081 LS00 | 0104 | 8,347 BT | 414 45,84 27,84 1,387 a1 4771
1,580 bo7a. | 119.45 | 8,70 2870 1084 813 | .0065 | B.484 ass 48.08 27,49 1,675 v LRBa 7854
2.8 7884 118,47 9.46 891 051 H00- | 0188 | 5.913 878 | 310 36.95- 27.90 1,018 045 23173
1.092 7884 | 118,15  B.08 ' +OBS JPR4 | L0M35 | 4,300 (BA3 |.5833 39.18 20.05 1.9 N -] 13850
1,708 veea |'114,5% 8,89 .88 o8, | 35 | .am1 4,190 ,808 | 3086 41,57 68.19 1,284 08T JAL78
1.1 7040 1248.01 |—~—= —— e | mm—m famenn | e | qm—— | - —r— ——— — K-8 78Rl
1,978 7450 | 108.77 | 8.2 704 Q67 909 | 0053 | 3.98Y 87T | 5878 58.53 27.07 2.018 0L3 +3577
1.744 - 100¢ 100,07 7,20 J21 . 48 | L0111 | Z.08Y [ 064 | 3615 | B4.28 £9.59 1.0d2 048 14168
1.549 BE94 95,54 | 8.49 L8 080 LB | L0096 | X034 848 | 38BQ 55.35 28,85 3.030 sOud 88
1.19% E788 T¢.08 4.78 4D L0f4 e [ Q07 |3.7I] | 841 | 3417 438,45 Q‘I.BO‘ £78 ] 8XT5
04 1.108 5719 74,18 | 4.0 153 088 JMD ] 0088 | 5,907 Lo | 340e 34,57 27.89 1088 45 +0PAS
1 ‘ 5785 73.82 4, T 089 L858 | 0061 | 4,184 454 | 3971 3£.18 #7.719 . 1.071 051 TTATS
&a B7E2 | 75,38 | 4.47 ' 2070 L8068 | .00BS | 4,488 ,849 | 3438 37.10 £8.14 - 1,140 058 V1713
1,296 | B60s5 | m9.e8 | 530 .485 8 [ oave (3,781 | .ms0 [3gps | 3,34 | osasy | ceee | 043 ) 5414
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Reyn— - | Exhanipt- |Ucepressor— o 1ne- [Turbloe- Gompreescr- [Jomprosa ar-] Furbins | Turbine- | Rxhaust— Pk ﬁg]n - Jat ot
ing | olds | sble noexle [inlet total| outlat inlet autlst Indet total| oatlet inlet atlek noaxle— wtatio ot [hoard | pipe |flow, |thrust, |thrust,
man, O D- total total total Promkire, total totad hotal inlak predture,| air- [blead fE: LI I'j. Fne
indax, | poal- A, ature, temper- |taEpers- |tempera- P, FTOssUrS, |presmnre;| Fressure, bosal POs flow,| adr- + Jande] ab 1B
8p 1o, »q £ Tar atore, ture, | ture 1 Per T, | peensure, a2 |$1oW, (vg g
o 7': deg op Ter (o= 0 L R LY I Y I Y 25, " ;f b8! 1y nee]¥a,br 1b/o
R ey, i [ R R - Infaes
Toas
°R
0.197 2.188 423 1851 518 1880 1468 €05 387 218 10.08 (010 |10.06 | 550 | =07 arn
204 .10 423 — 330 — —— B84 5487 27 lo.45 |——- - | £71 — —
200 2.175 - 1511 52 1520 143 553 537 Fat} 9.88 |0 9.7 | 407 | 371 180
200 2.175 425 1880 308 115 352 B17 8 0.18 | .11 2.14 | 380 00,
201 - 2,539 411 190 519 1885 1804 398 580 T 10.99'] .10 - [10.03 | s0@ | mRT 280
~200 2.539 e 502 1804 1584 88 585 218 10.57 | .36 [10.5¢ | 550 | 448 204
200 2,539 43 17 225 1541 1458 - am 553 ne 10,56 ] .11 (110.58 | 304 st 207
.189 £.339 423 1sm .- 1404 150 B 3 94 9.15 | .19 9.08 | A3S 378 1584
208 2.358 418 M 3R 1297 h VT 552 37 &R 9.22 | .11 | 9.19 | 580 554 17
200 2.546 422 323 1178 1108 54 300 220 ».20 |0 9.98 | 335 "
»188 £.,348 423 1 32 08 202 =Ty 224 Tl |0 7.56 | 281 109 U
200 2.348 -3 1013 525 7”8 274 284 27 8.18 |0 .21 | 281 | 12% «11
800 2.6 "2 1795 | 323 16544 3he 355 27 10.88 1 ,10 [10.58 1 580 .| 448 07
208 2.631 422 1im3 327 1686 1492 545 325 218 10.65 | ,16 J10.80 ] 478 j 421 172
.80 2.828 =2 1629 - 324 1807 118 e nk 217 10.61 | 1 [10.59 | 461 [ 32 158
<200 2.681 &8 1500 8 1104 385 117 18935 Er) 303 219 1025 | .1 [10.20°] 385 | 3m1 0L
197 ‘2.828 425 1365 318 1052 1173 504 200 22 9.0 | .11 | 8.56( 3m | am ]
A 200 -] R-628 488 1579 325 1270 1189 306 291 | 2 9.18 D928 | 3R 27 87
188 2.882 425 7 B4 i 1078 23l arT 23 8.0 F.as 899|307 237 54
«189 £.552 42 —— I 280 945 - &0 0 =6 ns ] 7.%0 JO. 7.6 258 is8 -1z
197 . .2.588 494 BES ' 320 Tt E98 250 Be2 as 5.2 | .12 | 6.0 | 2m) " -2’
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TABLE I. - Continued. PERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE

Bp;::.lﬂc mtau? lua:l““;- Comprasacr Sombomtar Furbine Tallpipe Ex. Noskla nua-u‘
tion, |tamparsimrs|pressure | oor- Qar- Com— Come Oam- |Oosbas-| Fusl-|Turbipe] Turbine| Cor- Cor- Ocrracted Tallpips | Tallpdpe | Bahanet-) Blrea-
um,, ratio, ratlc, [rested | reoted |prepece(pressor| bustor | tion | alw prof= | 6ff4- | restsd | rected taxrdlne EAR flow | total- | pom=le tim
1n g/ g Pg/Pg | wngine | airflow, | pres- [ erfi- | total affi~ |ratio, | sure |slemoy,| turbine|turdine Ean Mow tor,| pressure |prossurs| veloe-
W L -,/E" aue alenay, | preaurs | clendy, ¥r matio,] n.! + mpead, | snthalpy |w, ‘-V"B‘ or Blw 5 losa ratia, 1%,
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1h/seq By - ¥, :-;;n“ -,,4—;;. b/ass __TE.E 9 oy
Fs : Bgy/1b -
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TABLE I. - Contihued. FPERFORMANCE DATA OF XJ79-GE-1 TURBOJET ENGINE

Readd Rayne |Vmvi- |Enginel Ezh Compreasor- | Turbine- | Tobine- | Bxhanst | Coupresace. | Jompressor-Torbine- | furtine- | Edhianat. Fank gﬁm Qyar- |ve11- [raed
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120 8340 | 4.878 s g 133"; E”;l : 83 1007 ©lpl 1705, 188 1pa 13.84 , J4 |15.48 ﬁ
%0, | 2. A . A | ey, dAERE 0k 15,90
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TABLE I. - Concluded. PERFORMANCE DATA OF XJ78-GE-1 TURBOJET ENGINE

ﬂp;}d!—{h ?:.;lno ::g:!.rln Comgresaor - Combusb o Turbine - Tallpipe Kx. Noxmie H;;:—
[} obal-" 2l~ .
sonsunption, |temparsturs |presmrs | Coro 1 Tom- Tca—  [Lombur- | Yual- | MREbine] Cor- | Cof- § Tallpipe Pe
I:/J‘n. ratla, ratio, |rected | reated |prossor pressar| baster | tion wlr- | peas- | affi- | reoted | rected turbine gan flow | tobel-
!‘ﬂz Pﬁ/Pﬂ spgine | airfiow pres- orri- tokal 4rfi- [ratla mre dleniay, | turbins |turbine gan parsmsbar, | pressurs |pr
0 u w, 2-\/!;' wmra  [olonoy, [preswure olmmoy, | wp | zetlo,| T speed, |mthalpylw, /0, A |¥ " long
Wos, s|ratde, | ng loan | 0y (g | PSR ] y | PR | K ratlo, | By oeff1~
e | g Fe/Py ;-ts.ai 2,5 Y LN 5 By - 5, T . |elst,
b/usa - a
5 . r]’u "ﬂ; pLYL %
1,184 3.374 2.540 alay 180.93 rl;.ll 0,588 0.6668 | 0,908 [0,0149 | 6,R0T | O.081 | 5784 45,18 /8,47 1.584 0.693 | 0.5349 | o.s08 | 181
1.862 2,988 1,489 807 182,07 |18.587 ' 080 . .Clia | 8,878 L850 | 3wl18 45.04 28,78 1,808 358 M. ] JISR | 1e2
1,140 3.5?.? 2,871 ki 181. 8. 78 . 088 e |, S5.878 S84 | B3T58 42.8% £A.44 L.3sT 008 5510 | .e88 | 163
1.855 |- 1,09 7887 1:3.!1 14,6 T QB3 L3927 | ,0111 8,313 .86 | 38A7 45,47 28,81 1.808 g} L8187 |- ,988 | 184
1.148 3.5 2,872 7428 1B0. iz.90 2 TH 053 917 0185 | 4.527 649 | 3432 34,00 ,08 1.148 . 2798 985
1, lez 5,851 2,383 T&SH 182.74¢ |11.¢8 .40 057 032 0158 | 4,770 ,858' | 3849 40.37 as. e 1.a58 080 3165 D68
1.188 2,488 2,081 7481 162.74 |11,B8 . +080 880, 5,340 88T | 3884 5,18 24,89 1,348 o 5587 15 | 187
2471 Z,885 1,848 TiT4 15e.72  |11,18 TR 088 .938 0088 | B.ETO B85 | 3402 8,0 28,77 1.698 -1t +3p01 948 | 288
1.181 5,988 2,454 To5R 124,55 |10.2% . 08l B08 | 0068 | 5.044 . I0al 58,88 £8.00 1.081 . JRE74 [ 1,000 | 149
1,188 3,8 2,803 o1 127.8% .'I._0.0D T34 1088 W14 1014 | 4,588 .882 | 5289 57.98. 28,33 1.9 Q80 +30L0 997 | 170
1,181 . 2,960 1,043 80 130,38 6,87 . TBY 2087 957 0118 | &,788 .. ) 40,51 25.%8 1,838 e ] 43033 -800 | 171
1,511 2.807 1. 729 TO4R 154,33 9,8 L7153 - w488 | (0108 | B, 48P .887 | 3 - 42T 2.8 1.310 SR33 AR | 1M
3,233 2,403 1,424 058 154,78 9,55 « 751 048 879 £.261 A8y | 3787 48,38 28,88 1.8 380 .GA11 055 | 173
1.184 3,802 R.454 g 18.71 12,850 -] 058 832 | .0lBG | 4,785 088 | 764 4l.01 28,70 1,253 L0a0 JSAOR 82 | 114
1.104 5,24 f, 157 agre 150.68 [12.81 8T8 058 28 | QU0 | 6,338 (871 [ 3800 [ 43,38 R8,1% 1.557 .13 3928 SS90 [ 178
2,008 2,650 1.789 ass7 162,08 11,08 870 a2 SR | 0118 8,330 +880 | LOB3 48,47 28.18 1.68) yS518 8787 058 | 118
1.174 3,011 . | 8,081 aon3e 147,80 (11,88 .| 898 088 e |. 3.332 .878 | 3881 il 48 28,18 1.558 ° M 4388 ,BEa | 177
2,101 2,748 1,888 85 4y,80 [L1,29 N 1088 +ME | 0107 ] §.543 883 | «039 +4.17 20,08 1,879 297 + 7043 .98 | 1718
1,188 3.583. 2.554 axs7 165,48 13,15 481 o -8687 | ,0185 | 8,271 858 | 374 a2, 74 28,08 1,341 . «AENO . 179
1,700 5,158 ° 1,948 8504 165,42 [1R,87 1887 059 890 JOl4l | 6,928 888 | 389D 18.08 21.70 1.638 .500 J 7118 A58 | 180
1.141 5.428 2,38 ' 108), 185.81 |13,B8 ETE .as8 IR ,OLEL | 8.2084 A58 | 3TRE 4R, 78 R6.408 1.587 088 »4378 881 | 18]
1,847 B.080 1,388 - R0 134.78 [1R.48 871 080 807 | .13 | 6.4@5 896 | 38587 43,49 28,08 1.854 JR98 17184 5a7
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Varieble stater assgembly position from fully open position, deg

35
. A\ Schedule
30 \ —— Origlnsl
———=—Reset for engine~
inlet tempera-
ture of 7059 R
25 - '
20 \
15
\
!
\
1o )
\
\
N\
X
\
5 AN
\\\\ Rated
speed
) |
4] J
3200 3600 4000 4400 4800 3200 5600 85000 6400 8800 7200 7600

Corrected engine speed, N/~/6z, rpm

Figure 1. ~ 'The variation of variable-stator position wlth corrected engine speed for the originel schedule

and for the Ireset schednle in effect at an englpe-inlet temperature

of 705° R.
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bulkhead —_

Exhaugt

Fumber of probes
Station Wall Nunber of
Total presgure | static pressure | Thermocouples | rakes
1 -~ [ - : -
Talkhead 2 2 = : :
: 3 15 - 15 3
™ 4 10 — - o
5 30 2 39 6.
Bellmowth 9 24 == 2 f 4
~ Anbient | 4 trailing static probes on-exbaust-nozzle owter swrface -
———
Flow :
straightening 7 ( ’
screen /2
‘ f
7 ik
Labyrinth

|

Station

seal

2 }
(Compreasor inlet)

|

{Comressor (Turbine (Turbine

outlet)

4

inlet)

B

outlet)

Figure 3. - Schematic dlagram of engine and instrumentation etetions.
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NACA RM E58C12

Compressor pressure ratio, Pgz/P,

15 L r
Exhaust- - Compressor
-nozzle ares, _ efficiency,
A, nc, 0-70
14 _ 8q ft percent ' 45 {
(] 2.13 é \
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<o 2.61 1782 /] 1
13 A 2.24 ' 1/ 1
4 4.70 _ / e 8300
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' //// A 4 /7 8000
A
12 .80 V////rf/ij
/ yavs /7700
/O /
X A I a0
- ¢ Co ted engi
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// /!///.-,200__ " epeed,
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10 Z Z
//// //
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9 ‘(é*fr///" 6800
A A
L
al 6800
120 8’ 138 T44 152 160 168

Corrected eirflow, wg 2+/82/82, 1b/sec

(a) Compressor-intet Reynolds number index, 0.60; varisble
stators open.

Figure 4. - Compressor performance maps,
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Compressor pressure ratio, Pz/P,

o I T S T ]
Exhaust Coupressor
nozzle area, efficiency, Q.72
A,
13 sq Tt percén‘b ) .
o 2.15 [ /
a 2.35 76 o [/
< 2.83 YA Alacco
A 2.94 A/
12 4 £.87 7
//// (] 7700
: /I
77 =
~
. /}//‘& / AL
11 f/ﬁxl,/ 7 e;;//
G /1
" L / 720?
10 .76 4>’<: y Corrected engine
AR speed,
A4 7000 N/~/63,
v V7 rpm
o /(,/, //.
7 /V
4 ,w/’:/ 4‘,/”/ 6800
L] /
4 é‘
8 .
6600
7!
108 132 140

NACA RM E58C12

116 124

Corrected airflow, w

a

o, 148 156
2’-\/62/52, 1b/sec

2

164

172

(b) Compressor-inlet Reynolds number index, 0.20; varieble stators open.

Figure 4. - Continued.
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